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Materials for wrapping sterile items continue to evolve, but evaluation of such 
products under clinical conditions is rare. The purpose of the current study was to test 
a new product before introducing it to the hospital's sterilizing processing unit. 
 
Methods 
Four hundred packs containing 1199 items were prepared. Half were wrapped in linen 
and Kimguard sterile wrap (Kimberley-Clark Australia Pty, Ltd; Queensland, 
Australia), and half were wrapped in Kimguard One-Step sterile wrap (Kimberley-
Clark). They were stored on shelves in 4 areas in the hospital. Items from the packs 
were periodically tested in the laboratory to evaluate shelf life. Time of wrapping was 
measured on a series of 50 packs (25 using each product), wrapped by 1 experienced 




Bacteria were cultured from 20 (1.7%) of the 1157 test items. There were no 
differences on this measure between the 2 products (P = .64). Coagulase-negative 
Staphylococcus was the most frequent isolate, accounting for 40% of the positive 
results. The average time taken to wrap the test tray with the double wrap was 56.4 
seconds compared with 32.4 seconds with the single wrap (P ≤ .000). Unwrapping the 
single pack (5.02 seconds) was also faster than unwrapping the double-wrap pack 
(6.92 seconds; P = .000). 
 
Conclusions 
Wrapping sterile items using Kimguard one-step sterile wrap carries no greater risk of 
bacterial contamination than double-wrap methods and may lead to significant cost 
savings in both labor (time to wrap) and consumables (linen and recycling costs).  
  
 
The potential for microbial contamination of hospital-prepared sterile stock has been 
of ongoing interest to those involved in the sterilization process and to end users.1 and 
2 During the time between receipt of used goods in the sterile processing center and 
eventual use, a number of challenges to sterility may occur. As a consequence, 
procedures to guide processes and to maintain sterility standards have been 
developed.3 One important component of the process, open to continual modification, 
is the material used for packaging. 
 
Packaging protects sterile items from contamination during transport, storage, and 
handling and must conform to national standards.4 Investigations of commonly used 
materials have generally shown that most woven and nonwoven wraps perform 
equally well as a bacterial barrier.5, 6, 7 and 8 Given this equivalence, other aspects 
of packaging, such as ease of handling, cost, and shelf life are important 
considerations. Of these, shelf life has received the most research interest,7, 9, 10, 11 
and 12 and it is now clear that the sterile integrity of surgical packs may be 
maintained for at least 2 years.13 
 
Although the issue of shelf life been largely resolved, cost and ease of handling have 
received less attention. The recent introduction of a new product, Kimguard One-Step 
Sterile Wrap (single wrap) has provided an opportunity to investigate these other 
properties of wrapping materials. The single wrap is a new concept, which offers the 
protection of double wrapping. Two sheets are thermally sealed along the sides, 
providing the convenience of a 1-piece design. However, before introducing the new 
product, the manufacturers and authors agreed to an evaluation to ensure that quality 
would not be compromised. The purpose of the present study was to examine (1) the 
microbial barrier properties of the new “single wrap” and (2) the time needed to wrap 
items (cost and ease of handling) using the new product compared with the wrapping 
method in current use. 
 
Methods 
The study was conducted at the Royal Brisbane and Women's Hospital between 
February and July 2004. Sterile Processing Centre staff used a parcel-wrap technique 
to prepare 400 packs containing 1 safety pin, 1 gauze-square and 1, 3-cm piece of 
silicone tubing. Items were placed on and covered by a folded Teri Hydroknit wipe. 
Half of the packs were wrapped in an inner wrap of linen and an outer wrap of 
Kimguard Sterile Wrap (double wrap); the remaining packs were wrapped in 
Kimguard One-Step Sterile Wrap (single wrap). Packs were steam sterilized in the 
same autoclave for 3 and a half minutes at 134°C. A control pack from each group, 
which contained a Browne Class 6 Prevac TST Integrator, was included in each load. 
These were opened immediately to verify the sterilization process. Fifty double-wrap 
and 50 single-wrap packs were placed in 1 of 4 designated holding areas around the 
hospital. On 1 day of each 2-week period, 20 items were randomly selected from each 
area, placed on a trolley, and moved to another location to simulate handling. After 1 
hour, they were returned to their original location; this process was repeated 4 times. 
Every 2 weeks over a 5-month period between March and July 2004, 3 double-wrap 
items and single-wrap items (n = 24) were removed from each of the holding areas 
and transported in a clean, sealed plastic bag to the microbiology laboratory for 
testing. 
 
Time and motion study 
We used a perforated Autoplas tray measuring 270 mm × 300 mm × 60 mm for the 
time and motion study. Wrapping material was placed on a table with the tray in the 
center. We began the time count when the paper was first handled and ended when 2 
strips of sterilizing tape were attached to secure the wrap. Trays were double wrapped 
25 times and single wrapped 25 times by the same member of the Sterilising 
Processing Centre staff. To simulate aseptic technique, an operating room nurse 
opened all packs. Timing for unwrapping commenced when the sterilization tape was 
torn and finished when the last corner of the wrap met the table. The center's nurse 
unit manager timed all wrapping and unwrapping processes. 
 
Control items 
To verify whether contaminating bacteria would be detected (if present), we tested 6 
pieces of tubing and 6 safety pins, which had been washed using our routine 
mechanical cleaning methods but not sterilized. After processing, they were 
transported to the laboratory in separate sterile plastic containers. 
 
Environmental sampling 
Testing for environmental microorganisms was undertaken by exposing horse blood 
agar petri dishes for 2 hours in each of the 4 holding areas. The hospital's temperature 
is constantly maintained to comply with environmental standard AS 1668.2,14 so we 
did not routinely check this parameter, nor did we have any way to monitor humidity 
or dust load in the areas at which test packs were held. 
 
Microbiology 
Processing of test packs 
All samples were processed in a class 2 biohazard cabinet. The operator processing 
the packs wore a clean gown and sterile disposable gloves. The cabinet was cleaned 
with 2% medol prior to and after processing of the sterile packs. Packs were opened 
by tearing the adhesive autoclave tape seal. Layers of wrap were carefully folded back 
using aseptic technique. Movement within the cabinet was kept to a minimum to 
reduce the impact of air currents on the spread of organisms within the work area. 
 
Using sterile disposable forceps, the safety pin was transferred to a 10-mL sterile 
Tryptone soy broth (TSB). The silicone tubing was then transferred to a second 10-
mL TSB. A 1-cm-square section of gauze was aseptically cut using sterile scissors 
and then transferred to a third 10-mL TSB. All items were transferred in the same 
sequence for each pack processed. The same pair of sterile disposable forceps was 
used for each item within the pack, but a new pair of sterile forceps was used between 
packs. Each pack was labelled with a unique identification number, and specimen 
details were recorded in the Pathology Data Management System (Auslab). All 
containers of TSB were incubated in air at 35°C for a total of 7 days. As a sterility 
control, 2 bottles of unopened TSB were incubated with each batch of packs 
processed. 
 
Each broth was examined daily for the evidence of turbidity. Broths showing 
evidence of microbial growth were subcultured onto 2 horse blood agar plates–one 
incubated aerobically and the other incubated anaerobically for a total of 48 hours. 




During the test period, 3 sets of randomly selected broths were inoculated with 
approximately 100 cfu Staphylococcus aureus ATCC 6538 at the completion of 
incubation. Dilutions of the control organism were added to the safety pin, silicone 
tubing, and gauze samples to ensure that microbial growth was not inhibited by the 
presence of the test items. Seeded bottles were then incubated for an additional 48 
hours and examined daily for turbidity. Positive broths were subcultured onto horse 
blood agar to confirm the recovery of the control organism. 
 
Environmental sampling 
Settle plate testing within the class 2 biohazard cabinet was also performed during the 
processing of test packs to monitor the potential for external contamination of test 
items during transfer to broth culture. Horse blood agar plates were placed at the rear 
and front of the cabinet on both left- and right-hand sides. Plates were exposed for 
approximately 60 minutes during the processing of 1 entire batch of sterile packs 
(total 24 packs). Plates were incubated at 35°C aerobically for 5 days. No microbial 
growth was present after incubation. 
 
Statistical analysis 
Statistical analysis was carried out using SPSS for Windows, version 12.01, 2003 
(SPSS Inc. Chicago, IL). Differences between proportions were compared using the 
χ2 test with Yate's correction or 2-tailed Fisher exact test if appropriate. Differences 
in means were calculated using the Student t test. Statistical significance was defined 




Four hundred packs containing 1199 items were initially prepared for the trial (1 pack 
contained only 2 items). Fourteen of these, containing 42 items, were not included in 
the analysis (8 control packs and 6 lost during the study). Cumulatively, the packs 
were relocated 2241 times (range, 0-17; mean times per pack, 5.6). The number of 
times packs were handled had no effect on whether or not the contents became 
contaminated (contaminated 6.8 times, not contaminated 5.7 times; P = .26) nor did 
the location at which packs were stored (P = .23). Packs remained on shelves for up to 
22 weeks, but storage time had no bearing on results (P = .98). Bacteria, consistent 
with an environmental source, were cultured from 20 (1.7%) of the 1157 test items; 
results are shown in Table 1. Coagulase-negative Staphylococcus was the most 
frequent isolate, accounting for 40% of the positive results. Bacillus species was 
grown only from tubing, with other organisms distributed between items. Although 
there were 3 items in each pack, there were no occasions on which more than 1 item 
was contaminated. Table 2 shows that more of the items wrapped in linen and 
Kimguard returned positive results; however, this was not statistically significant (P = 
.64).  
 
 Table 1.  
 
Type of organism recovered from each pack item  Type of article Total  
Organisms Gauze number Pin number Tubing number Number  
Coag. Neg Staph. 4 3 1 8  
Bacillus species 0 0 6 6  
Streptococcus species 1 0 0 1  
Micrococcus species 1 0 0 1  
Aspergillus fumigatius 0 1 1 2  
Corynebacterium species 0 1 0 1  
Coag. Neg. Staph and Strep species 0 1 0 1  
No growth 380 379 378 1137  
Total 386 385 386 1157  
 
 





Table 2.  
Organisms by type of wrap  Type of wrap   
Organisms Double wrap n (%) Single wrap n (%) Total  
Coag. Neg Staph. 5 (62.5) 3 (37.5) 8  
Bacillus species 4 (66.7) 2 (33.3) 6  
Streptococcus species 0 (0.0) 1 (100.0) 1  
Micrococcus species 0 (0.0) 1 (100.0) 1  
Aspergillus fumigatius 1 (50.0) 1 (50.0) 2  
Corynebacterium species 1 (100.0) 0 (0.0) 1  
Coag. Neg. Staph and Strep species 1 (100.0) 0 (0.0) 1  
No growth 182 (49.5) 184 (50.5) 366  
Total 194 192 386  
 
 





Time and motion study 
The average time taken to double wrap the test tray was 56.4 seconds compared with 
32.4 seconds with the single-wrap product. This result was statistically significant (P 
≤ .000). Unwrapping the single wrap was also faster (5.02 seconds) than the double-
wrapped pack, which took 6.92 seconds (P = .000). 
 
Control items 
There was microbial growth from 5 of the 6 pieces of cleaned but not sterilized 
tubing. These included 1 Aspergillus species, 2 coagulase-negative Staphylococcus, 1 
Neisseria species, and 1 Micrococcus species. After 7 days incubation, there was “no 
growth” on any of the cleaned but not sterilized safety pins. 
 
Environmental sampling 
There was no microbial growth on the settle plates placed within the class 2 biohazard 
cabinet during processing. Settle plates from all the holding areas were contaminated 
with environmental organisms. Plates with the greatest number of organisms were 
recovered from high-traffic areas (range, 1-33 colonies). 
 
Process validation 
Control organisms were recovered from 8 of the 9 broths seeded with Staphylococcus 
aureus. One broth containing a safety pin did not show any microbial growth. 
 
Discussion 
Products associated with sterile processing are continually evolving, but they are not 
always tested before widespread introduction. In the present study, we have compared 
a new product, Kimguard One-Step Sterile Wrap, with our current wrapping method. 
We wanted to know whether there was an opportunity to decrease the time required to 
wrap articles while ensuring that the barrier properties of the single wrap were 
equivalent to our double-wrap method. 
 
As expected, both products performed equally well in protecting contents from 
contamination. Organisms were cultured from 20 of the 1157 items representing a 
0.017 probability of finding a positive result. This rate is almost identical to results 
from a study conducted almost 2 decades ago10 and within the range (0.0-0.083) of 
other similar studies.8, 11, 12 and 15 Although others have shown the possibility of 
airborne bacteria permeating wrapping materials,1 we believe that contamination was 
more likely to have occurred in the laboratory during the sampling process than 
during storage. Packs were opened in a biohazard cabinet in which the airflow is in an 
upward direction, away from the items being removed from the packaging. However, 
most of the positive results were clustered around a few unrelated dates, and no 
microbes were isolated from more than 1 item in any pack. This suggests that 
organisms may have been shed from the exterior surface of the package during 
opening or during transfer of test items to the test culture medium. 
 
It is also possible that increased turbulence was created when opening double wraps, 
explaining the higher number of positive results in that group. Although this 
difference was not statistically significant, it would be worth exploring the 
relationship in future studies because there may be implications for the maintenance 
of a sterile field in an operating room setting. 
 
Our Sterile Processing Centre is complex, serving a large, 940-bed tertiary referral 
hospital in Queensland. We sterilize through steam over approximately 260,000 packs 
each year from the main operating theatres alone, so any savings in time or materials 
will have a major financial impact. In this study, we used a small tray to test whether 
or not there would be cost savings associated with a change to the new single-wrap 
product. Approximately 111 of these small trays could be wrapped in an hour with a 
single wrap compared with 64 trays/hour with the double-wrap method. This 
differential replicates an earlier study in which the average time to wrap a pack using 
a single layer was 1 minute compared with 1.24 minutes using the traditional double 
wrap method.15 Using a costing of (AUS) $14.22/hour for staff time and allowing for 
a further 200,000 packs annually from elsewhere in the hospital, we calculated an 
annual saving of approximately (AUS) $182,850 in labor alone. Of course, there are a 
variety of pack sizes assembled in the center, many being larger than our test pack, 
providing a potential for even greater savings. In addition, laundry and linen 
replacement costs would be eliminated. 
 
Baseline culturing of test items before sterilization confirmed that the tubing is almost 
always contaminated with a variety of microorganisms and thus provides a real 
challenge for the system under review. However, the efficiency of the sterilization 
process is confirmed by the failure to detect any viable microorganisms in almost 
99% of the items cultured. Contamination of the environmental settle plates in the 
areas at which the packs were stored confirms that these areas are clean and not 
sterile. The most heavily contaminated settle plates were from the main operating 
theater storage areas, suggesting a review of traffic and cleaning processes in these 
locations. 
 
In conclusion, the practice of single wrapping sterile items using the new bonded 
product carries no greater risk of bacterial contamination than double-wrap methods 
and may lead to significant cost savings in both labor (time to wrap) and consumables 
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